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Soil Nitrogen Mineralization Influenced by Crop Rotation Nitrogen Fertilization
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An estimate of soil in neraliza tile N Is needed to determine crop
imed. for N fertilizer, The objective of this research was to estimate
soil net N mineralization In soils maintained In corn (Zen
mass t,) iCC) corn-soybean [6lvcme max IL) 4err iCS) and
cons-soybeas. wheat (Trttiasm nest)rum L)ialfzdfa (Meilicago sadva
Lynwh (CSWA) rotations that have been man:aged since 1990
with zero N (ON), low ‘4 (LN) high N (RN) fertilization, Soil
samples were mien ftmn O to 1ifrrm. depth in plots phinted to corn
in 1998. In order to prodccc more alisde fr eseries data of net N
mheralization, soils were Incehated In filtration Is In a variable’
temperatwe incubator (Vii) that mimicked field oil teinperatures
under a growing corn eanopy Rotation and N fertilization signiflcandy
affected net N mineralization In soil sampiee Cinindative net .N miner’
alized In a 189d field temperature initiation averaged 1)3 a 6 kg
ha° in CC, 142 a Skg ha’ in CS, and 189 :1.. 5 kg hat in CSWA,
Across rotations, average net N mi.neralhed was 166 a 9 kg i.at jui

ON plots, 147 5: 10 kg ba’ in LN plots, and 152 a 10 kg ha° in
RN plots, Indusion of a legumC, pfrjarts alfalfa, in the rotation
increased net N minerath.ed. Generally, more net was mineralized
from plots receiving no fertilizer N than from soil with a history of
N fertilization, Variabie’temperature incubation produced realistic
time’series data with low sampkt variability.

GIVEN
FAVORABLE GROWTH C0NDrr1ON N availability

is one of the most variable and critical factors
in determining crop yield. Net N mineralization from
organic sources in soil is estimated usi.ng knowledge of
local soils and climate in order to predict realistic yield
goals, N fertilIzation requirements, and inherent soil
fertility. Fertilizer N recommendations generally are
based upon the crop yield goal, NOt- available iii the
soil at planting, and N credits for any legume grown or
manure ipplied the previous year. All N sources are
considered additive, and fertilizer recommendations
have not addressed possible interaction.s between or
ganic—derived N and commercial N fertilii.ation. Com
mercial fertilization can increase crop growth, decrease
c.rop residu.a C/N ratio by increa.sing stover N concentra
Win (Liang and Mackenzie, 1994), reduce N fixation by
iegumes (Stree et- 1988 and ‘ncrease (EnteR et al
1996: L.onti et aL, 1997) or decrease (Biederbeck RI aL,
1984: Ladd et aL, 1994; .5ioinnder et aL. 1994) so-il
microbial populations and activities. Be.cause commer
ci.al N fertilization can affect i..$ fix.ation, mineralization
o•f residue or soil organic N, and other biological pro
cesses, conunercit.l fertilization could a.ffkct the level of
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N made avaiIaabl.e to crops tf.at follow legunies in ro
tation.

While fertilization guides use total organic matter and
previous crop as indicators of N mineralization for the
coming season, a variety of direct and indirect lab meth
ads may- be used for more precise predictions (Fox and
Pi.ekieiek, 1978; Hong et aL, 1990). Laboratory tests
allow compositing and homogenizing soil samples to
de.crease the standard deviation and required replica
tion. Aerobic incubation for 120 to 252 d comm only
used to estimate the size and de.cay rates of rnineraliz
able N ools (Start-ford and Smith, 1972; Cabre.ra and
Kissel, 1988). Temperature and matric potential of incu
bated soils affect the rate and cumulative N mineralized,
Within ordina,rv field soil mafl5c potentials Hom —1,85
to —0,01 MPa, temperature ha. a gi eater influence on
N mineralization than does matric potential (Zak et aL,
1999). Most N’ mineralization laboratory experiments
are incubated at 35°C, considered the ideal temperature
for maximum N mineralization, Nitrogen mineral.ized
in laboratory: incubations at 35°C represents potential
N mineraliznOon and first-order rate constants, not field
N mineralization as affected by field soil conditions.

In situ N’ mineralization can be determined using in
field undisturbed soil cores, usually in conjunction with
ion exchange resins (DiStefano and Gholz, 1986). In
situ cores are exposed to field temperature and some
times field moisture, whereas lab tests generally involve
incubation under ideal temperature and moisture condi
tions, in additior., intact cores are not subject to physical
disturbance, which can expose protected organic materi
als and increase the estimate of labile N, However, field
methods are subject to large standard deviations be
cause they use individual soil cores rather than. compos
ite sam.ples. This large variability between replicates
necessitates use of large numbers of replicates for each
tre.atment or plot, in situ.. measurement of].’ mineraliza
tion at two sites: in eastern Colorado required five to
seven soil ccie replicates per plot to obtain a small
enoughvariance to detect a 3,0 k.g N haso difference at
an a level of 0,20 (K.oiberg et. al,. 1997), Comparison of
several replicated field treatrn.ents with. adequate repli
cation of periodically repi.aced i.n situ cores quick.iy be
comes a dauntin.g task,

The primarn objective of this study was to determine.
the effects of three rotations at three N fertilization
levels on net N mineralization in an eastern South Da
kota soil, A second objec.tive was to evaluate a labora
tory method for m.easurement of net N mineralization
that more. i.ccurateiy reflected the effects of field tem
peratures rather than constant optimal in.cubation tem
perature,

Abbreviadono l..)N. zero N fcrtiidzer: CC. c..ontinuousm corn: corn—
soybe.an;CSWA,corn—sovbean--wheaiJaifalfa--aifaifa: f-IN. high 2’fer-
tilizer: LN, low N. fertilizer: VTI, variabie-iern.perature incubaior.



MATERIAI,S AND METHODS

Study Site

Study plots are located on the E.astern South Dak.ota Soil
and Water Research Fares. at Brookin.es, ID. Rotation and N
atr,Ic.atton rates have fee.n consistent face sprine fOOd, The
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year. Each dl by 30 rn rotation plot was split in.to three random
died 30 by: 30 m subç.lots to test fertilization effticts at EN, L.N,
and ISN fertilization, Nitrogen applicat.ion for con. in ON, LN,
and RN treatments w s based on yield toals of 0, 53, and 8,5
M had rest ectivelv. For these yield coals, total available N
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tracted tram IS renuirement to aetc’rmine fertiIzer needs-.
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wheat phasr s of rotations Starter fertilizer contained •18 kg
ha P. 12 in ha K, and 0, 8, or 16 kg hat N In ON, LN,
-and RN plots, respectively. After subtracting prepiart soil
NO and starter fertilizer from total N needs, the remaining
N requirement in corn was applied as .s.:idedressed urea, Soy
bean and wheat received oniv starter fertilizer as described

crer
555 .dbril as r’rann” ce,e es “, it’ ti’e’i

tn she s.C-rifle, but atramed immmai zrowth until wfleat was
harestec. Alfalfa was not harvested dunng the wheat year, but
was harvested as hay normally three times sri the fourth year
of CSWA rotation. After the final cutting alfalfa was allowed
3 to 4 wk regrowth. then killed with giypfosate [N”(phos”
phonomethyriglycine; Roundup, Monsanto, St. Louis, MOl
‘-6 wk before fall chisel tillage. Corn and soybean grains were
harvested and removed from plots and corn stover was chopped
and remained on plots.
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unued; since that time plots were chisel plowed miS cm) in
the fall, then prepared each spring using a tandetta disk and
field cultivator (in5 cm’;, All corn and soybean plots were
rowcultivated twice e-ach year. Seeding date, rate, and variety
were the- same for all plots in a given sear.

Crop Measuremcuts

Sarnoler sudeterrume -tomass and a,: arJa5. were narveste.J
—

t r’ns
‘‘‘-a biornass samples were taken just before leaf

drtrt. All plant snate-rial was cut front four rows I. rn long.
Bundles were -dried 3 ci at SOC with circulating air and the-n
weighed, Total ahoveground bionsass was separated into grain
and stover componeats. Grain and stover were thoroughly
around to pass a 0,5-mm sieve and analyzed for C and N
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Nitrogen Mineralization and Other
Laboratory Mei beds

On 28 Ap-r 1998, 1-1 ci pitor re c-orn —ceding, fourme-n 3,4’
ens -dam, curs’s we-re takc-n tn the’ ton ;t cm ot :rach plot

-w it_i - ci -c-. -we-ded so porn - Pm vtsu -cron seas cnn ri C C.

Table L Average climate in 1990 through 1998 and soil conditions
in 1998 at soil depth of 0 to 20 can at study i1e near Brook
inga-, SD,

P---ater ValueS’
Annual precipilatkrn. nun 620
,nnual mean temperature. ‘C 58
Annual growing dnttree da’’, )base tO’Ci t 320
Sod texture “ loam
Bulk densirs-. rem” L14 (0.15)
Mob’ulre n sampling, g kg - 176 i1$l
Elearieni condudivit-v. S m 0.03 (0.006)
pEEl 6.6 (0.5)
Soil C/N ratio 10,9(0.1)
0rpm -. C, rug kg”i 18 300 (1700)
To-taiNmgkg’1 1680(160)
Soluble C, rug kg’N 27 (8)
P,ingkg’+t 19(51
K. rug kg’5t 160(10)

-

Villues are meaim n 27) with standard deviation An
a D.A. Whitnes, t998.
I t:1 od/0.01 mol 15. Ca(], (Watson and Brown. 1998),
‘ ev-o ( s 004) Ltwo ‘tdsan and ommers. ,,O%,

4 AcenTe’d Chemical Oxygen Demand dgest ;Biosdence, Inc.,. I3ethle.
hem, PA),

i’S’ Olten P test (Frank et al., 1998
Ii’ Warnckc and Brown, 1998,

soy-bean In CS, and alfalfa in CSWA, Entire composite samples
consisting -at I’S soil cores were weighed and a’ sample dried
at OS’C to determine tniuat bulk density aria moisture, Soils
were passed through a 4-mm sieve and material larger than
3 rain was removed,

Net N mineralization, or the difference between organic N
decomposition and inorganic N- immobilization, was tracked
throughout the growing season using a modification of the
procedure of Stanford and Smith (1972). In order to minimize
replicate variability while increasing relevance of laboratory
data to field conditions, net N mineralization was measured
in the laboratory during incubation at field soil’tnimick.ing
temperatures. Disposable i50”mL Falcon filtration units

‘cr”lvg Casar Ces’ning \‘r acre orenared .-ithin a at
‘at n, ‘ian 2 ,im nore ,,eIlJlo\e acetate filters duct

alass tiber preilite-rs. Two filtration units per plot were Oiled
with the field-moist equivalent of 30 g dry weight soil mixed
with 30 g washed silica sand. Additional 75-turn glass fiber
prefilters ()-fillipore Corporation, Bedford, MA) were placed
above soil’-sand mixture to inhibit soil dispersion during addi
ion ef eesirg solut an Un’ts were cached sir’ Days 0 14

,,S .t’2 ‘i (3f. 0’ —“ “c ‘ s-i” 4t L P 7,,
trio II C’’ Ca CC ‘Gaits were evacuated at —80 kPa until 90 tc’
95 mho so-linlon was -retrieved. Solution was i-altered through
S —. — - —a —— ‘e— C e” ar, s r

and NI--ft. Twe-nty mrlllllters of nutr’IerC solution, containing
0,005 gaol ii MgSO a--nd t),fX’S tnol in KH3PO,, brought to
pH 7,2 with KOR, was- then added to filtration units and
vacuum applied at —80 k-Pa fdr 30 train, Mois-tuze c-on-tent of
the soil--san,d mixture averaged 220 p kg’° prior to leaching

it Cal ‘latter’ ar 2w; g ka , after “It run acuu’r’
Beenveeti learhirtgs, ants were- scales) with Parafllm. (American
hationat t art C.’ Circenwarsh, 0751 and incubated in a V’fl
that tnimicked the temperature in topsoil tinder a crop canoov
Fix fat A-corn pie’ t was planted near the ,.ahoratarvon the

date of tield olanting. A thermistor placed lb cnn Jeep in the
soil bet--seep-n rows in. this corn plot was conrected to the- VTI
temperature controls ins ide the laboratory.

Two additional se-ts of filtration units were prepared with
s-oil (Porn all p-lots una’er Cf-I LN management, One set was
ertit it an - iOdtc r i sun rare it 75 C r r ansoanson
.ar temtsprature effects on net Is :ntneralizat;on, Other than



Day ot flcACatOfl

Fig. 1. (ai Daily mean temperature during incubation period m fleld
soil at 15-cm depth under growing corn canopy compared with
soil in filtration units in 1’C incubator and variable temperature
incubator (‘111) mimicking field soil temperatures. (5) Detail of
howl! temperature in VT! and 17’C incubators during incubation.
Das’s 60 and 6L

temperature, the treatment and leaching of these units was
identical to that of filtration units in the VTI.

Nitrate and NfL in leachates were analyzed on a Lachat
i’m “\ le,m

lines, Results were converted to kloerams N per deco
are plow layer using tleld bulk density’ measurements In the
top 20 cm of each plot. bitrate and NH4 were summed at
each leaching. to exprers initial inorganic N (Dan 0) or net N
mwe d,zeb mis a -‘ore ir K

‘ed represent ‘ji availanie N,

Statistical Analysis

Replicate rneasuremen.ts on composite soil :rampies were
averaged tor anaiYsi5 ct treattisent ettects,Analvsis

e o
I.,inear ModOs tGLM’i in SYST\T di I SPSS hue,, tihieaco,
IL). Because of the spiit-pot design, hypotheses ot rotatIon
effects were tesreo using whole plot effe’cts (rotation 0 block)
Is error term. Sictni.fieant differences were determined aLoe
(.LM tar streets ‘5flj east steruttc.ant ct.tterencese I-’
0.05. Results are renorred ;is mean and
the mean unless otherwise noted.

RESUI,TS AND [flSCUSSIO!J
Field Temperature-Mimicking Incubation

Temperature of soils itt the VT! chamber closely mim
icked te.mperature in the soil outdoors at 15-cm depth

gr si : r C
tncutraton perioc. miiarrnperatures at 15 urn depth in

Day of Incubation

Fig. 3. Ia Accumulation of degree Celsius days >0’C and bi inineraL
ized N in soil taken from 0 to 20 cm in corn—soybean rotation with
hlstorV of low N fertilization of 114 kg N ha . Subsampies were
incubated at constant temperature of 35 or 17’C, or in the variable
temperature incubator (VTfl mimicking field soil temperature at
15-cm depth under growing corn canopy. Bans on final data points
of mineralized h% indicate one standard error of the mean. Error
bars not visible on VT! and 17CC because error bars are smaller
than data UOiflLK

the field averaged 18,5°C and both the 17°C incubator
ijnd 5 ‘TI averaged 17cl°C Although the thermistor was
placed to the field soil at a lit-cm depth, lag ttrne in

r p s a ii mu Li ,,dt U

the 7J soil temperature cycles to morn closely approxi
mate tem.perature at a 15-cm depth in the held, Daily

u” t ‘I r c’l nfl
tacos I. n the VT! during afternoon and even inc hours;

- yr r cm risc eu wr iinnr n
ti.on during these periods. Cumulative degree d.ays in
the 17°C incubator and VTI diverged during incuhati.on

to .4) ‘Fig. Sn I. when field soil arid variable -
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i is a° iw rnii I
the VT! than in the 17°C incubator during this period
(Fig, 2b), Although temperatures were subsequently
creater :n the !rC ncubator than the VT! on Dave 146

S — iI ii 1C C,r —— 4

y’ Dave. Vi I Fig. Pa), curnulatic N mint.rLiatyin in
17°C incubator did not match that tn the VTI (Fig, 2b).
The rate constant (6) tor N mine.ralizatton cuntorrns to
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Fig. 3. Nitrogen leached from flhratioo units after each of Ii nation periods and crag .-dady temperature during each inctinatbia period.
Net rmnerahzed N data are the meats of dupbcate soil samples from each of three field replicates of ontusuous corn CC) cormaovhenn
(CS), and comsavbeaa-whetaIaffa1fmsa1faIfa CSWA3 rotations managed at zero N tONi low N (LN) or high N IHN> fertihiatson incubated

at field soil temperature.

tionai increase in the rate of N mineralization. Daily
temperature fluctuations above and below the daily
mean temperature in the ‘vTl can therenv stimulate
more mineralizatton than a constant-temperature tncw
bator at the same daily average temperature.

The temporal pattern. of net N mineralization pro
duced by Ic. chinigunits in. the Vhf. reflec.ts net mn.utrai
izaton fynamic.s as affected by temperature fhictuatioas
jni initial soil disturbance (Fig. 3). UnlIke most labora-
tory ticubations at a constant temperature o.f 35 to 40CC.

soils in the VTI did rot produce a large (lush of mineral
N r- h rat e s Aeeks icrooa .re p tie Vf

averaed 17’C during the first three incubation periods
itotal h. ak) \ithouch stimulation of mtcrobiai activity
e c arolv tgcnce r anie a oeae
tial incubation tempe.rature and lack of. grinding, drying.
and rawciting of soil sam pies minirnizid the initial flush
of activity and N release..

Initial inoreanic N vs as significantly affected b.y rota
cc e 2

-
S

than after s:ovh-ean (in CS). which treat more than after
2 r

Table Significance P - F ‘f field treatments affecting initial
spring inoresinc N (NO - NN41 and N mineralization in soils
sampled at the (t to 2ilkirn depth before corn planting hi 19l8.

initial N mineralized Total
Effect inorgankN iStid esailsbieN

P < F
Bloc ()45 04iI (5•• 037 (NS)
Rotation EQOl 4.02 4.01
Fertthzaen cr76 %% Orti 3602
-etjr,Otr,n 5,-’ 5k.,

N was present as NO data not shown). Soring prepiant
soil NO7 is often considered residual N from the previ
otis year. but in this study previous fertilization did not
affect initial levels of inorganic N us spring soil samples.
Preplant surface soil NO3 has previously been well cor
related with soil N supplying cap fifty (r 035, Hong
at aL 1990). initial inorganic N was well correlated with
N mineralized. inti the 189-ic 5/’fl jncuthon when all
rotations were considered (r 0ic8) (Fig. 5). However.
initial inorganic N was only weakly correlated with min
eralized N withtn any individual rotation. This suggests
that rotanon was an important factor an determining
both inatial inorganic N and N mineralized in these soils.

- a

1_.. —
- P57 ca CSWA ON Ui fIN

Vig 4. Initial inorgamc N <NO., -- NiK) pins cumuli live mineralized
N extracted in repeated leaditegs dw.iag a .t9-d inailbati‘on from
2.9 Apri.. to 4 N.osa I998 Data ai.e means at two duph1cste soil

j..pIt.t from diree replicates of centinuoun. cciii, (CC), corn-
soybecm tCS.), and corn-savbe. an wheatinffa1tbinfitlj..h (C.SWA<

tinus managed at zero N (ON), low N <LN), or high N (FIN)
fs.:rtiiizatian inctti..ated at field sod test perature. Error bars repre
Sent : inc standard error of the mean. For each measuremeuL

bariwOhin fertilizer Cr rotation treatment with the cerise letter are

- s noufi art lOve ens a r”-th 5, ine4 ne—rtI inmilcan
difference P .. 30j5f•

35

J2S
‘3,

1;!

10

z
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S

a
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S r

n aol ornificant ii’ — ‘65151.
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Fig. 5. Cumulative N mineralized, excluding initial inorganic N, v, initial inoreanic N NO, NH4) in ,uil sarnpáes from continuous corn iCCi,

corn..sovbean mUSs and corn-imosbean--wheatialfalfa-alfalfa CSWA) rotations incubated 189 d at field end temperatnrc

Linear models using initial inorganic N data to predict
N mineralized in 189 d set the ntercept at V00 42
N ‘nJ F p r upee c ‘o i “ 9, p

“orrric’ a pLnt m -r Per use — 42
Sun’, 5° 4 ur’Oe” ,rri1 rr o”d r one

Cumulative N mncrulized Vote coils Jurng tflc 1,49 4
incubation in inc \Tl \4dS i2flifltanti affected ns both
previous crop and previous fertilization level Table 2,
Fig. 4). Approximately 95% of mineralized N was pres
ens as l8O at each leaching (data not shown). Coeffi
cient of variation in dnplicate filtration units averaged
4 4% compared with 13 5% in tivc -epucates useo in

the in situ study of Kolberg et ii i 1009i
in.cuba:t..ed ii samples represent only the upper 20

cm of: field soil. lncubaticn temperatures in the V’S
nibble those at 15-era depth in soil under a growing corn
canopy, and moisture generally ranged from. 220 to 260 g
kgV Thus., these measurements can only repre:sei..t a.
portion of the. environmental complexity and N mineral’
dadon in the ff01 soil profile, bat probably correlate
with field mineraiizati..on,

The of the.se laboratory measurements to.
N n.d..r.erall.z...s::ti..:t.E..n in the. fia..ld is supported be correla.s.lon.
of. cram N ug.i.ake in the field: to N mineralized in the;
‘42’!.. Tbta.i 1.111 u.p.s.a.lo..: I.a’ abovegroond corn bion.i.ass in
unfl...rtilire.d: plots in. all rotations correlated we.ii wi.th
total morganic N Iron’ son’piec mn o TI r

=

F g 61 Altervaovck it rn N 3sc cm n hese
olots was 4545 kg cr,,r, p N Cm u and Cc1om
mar 1996, themmaec n ii “‘i_i’ cr i

ired plots wooto have moo rec r ‘,‘i 0 j H

i’ve N Onoag j r

j ‘ “13e,. )fl [‘Li 03

R° dci Rt”vr I ‘° mce nD 2
N mnetalization in the VT! plus. nttal inorcanic N

‘r,t’ em” ret r,,,, ,,,‘

9 -

‘3i5)f’S i.”itier .jfl?j

iranas°e in CS WA. CS. arm CC mineralized the. equiva
lent of 189. 142.. and: 153 kg NJ ha_, respectively. in

r andeax1 oiutonmqemm Cd_2

and 42% more N than soil under CS. or CL rotatIons,
ren3 U .0 , ,. a )Qh measured r
19% more N mineralization in soils after alfalfa than
after fertilized or unfertilized continuous corn. Total
available N (initial inorganic N plus N mineralized duo
ing: 1.8:9 d) was 217. 157. and 143 42’ N ha’ in CSWA,
CS, and CC, res.pectively.

Nitroge.n fixation by Rhi.zohiz rn spp. bacteria in sym
biosis with alfalfa produces plant .material with a reIn
tive.ly small C/N ratio. TV previous crop of alfalfa bar
vt..ste.d from. CTWA plots in 1.997 had a C/N’ rati.o of
14:1, while corn residue in CC plots had a 90/N ra.tio of
67 to 111:1, and soybean from CS plots had a C/N ratio
of 3.6 to 55:1., depending on fertlliz.ation (Table 3). The
return of.i.:lfaifa shoot and root. residue. to the soil sup
plies re:adily organic m.atter and:: readily
ir.ineraiizable N. Aboveground biomass of aifi.lfa aver-

250:

75 100 125 Iso

corn N untake, kg N ha
Fig. 5, T,tal available N m nimulatise net ‘ mneralized plo’ initial

tior’$anic Ni trom eoii mncubatcd at neil ‘oil temperature ‘s. total
,,C1r0 to” ‘0.,. ‘ra “‘ 0 “or r ot””iid

‘lI,L ‘04 0— 3” So

eh,eaU’aifaifir’aifalfa mCSW xm rotations,

All Rotations
p 3.20 x 99

r = 05

a
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Table 3. Yield and C and N content of crops grown in 1997 prior to corn in continuous corn (CC), corn—soybean (C.S), corn—soybean—wheat!alfalfa—’- ilfalfa t(’rW rot thont”

fVnilizer N storer or hay Stoier or Mover or Storer orRotation 1997 t.3op leveL-
•ass bar C. hay N bay C/N

kg ha
IC Corn ON 3194) 520) 2940 240) 18 (22) 122 liT)US 6430 tS2Oi 2820 (260) 34 (6.6) 82 (93)FIN 7630 (4410s 3359 (220) 51 (ii) 67 (12)cc %nv(n-an ON 2110 u199i ‘425 t479’i 23 151 ifi .3)LN 2080 0591 803 (Ni) 29 (4,9) 40 (15)tIN .330(48(31 SIr ,Ohfl 22 9oi 19 t9,rI SW S &(falfa ON 8740 4250; 3890 (94) 286 (14) 14 (03)EN 9250 (“7 ) 3100 349) 363 (34) 14(0.4)tIN 8799 554H 3994 2340 21)5 223 14 tO.3)

Values are n-any n 3) with standard dev)aoon in parer theses.
ON ero N fertilizer EN ow N fIN high N 1 reattuenta ON I N and FIN fertilized for torn meld oaI of 0 5.3 and Sc, Mg ha respecuvebsrnv,r mess ot orn ins) evbtan s otat rbrneeronnd Itomass, orodnenon adudine ‘rain ‘In ama 3 aifalfa cum of dir r “utungs Irinnearoming season,

ag.ed 2.91 kg N ha’° across fertility treatments, while
71001:155 at corn and sovr’can resly:uesaverao:o 34 and
2 ,, e o nC r on ratr Dit
mass of corn and. .soyhean was returned to soil with
rdlage, where as most .ahovecrcajnd teornass of alfalfa
s car ,s r,,, m

— cu0 t it1

C and N returned to sod is unknown, hut erobabiv
nsiste:d rirnariiv of root srowth and exudaten lost

aucen iNhe— t’r ,, c’
leased in the first year after legume plow-’down Varco
ct sO, 1993..: Vanoui and Bund , 1995) Averaged across
fertilizer treatments, aifaita supplied no and 74 kg ha’-
more available N than previous crops of soybean or
corn, respectively.

Across rotattons. ON soils that fad not received corn—
merctal N fertilizer for the previous 8 yr mineralized
more net N than their fertilized counterparts (Fig. 4).
Vi 1kr°’ mir,e’rco I “23’zc maserage On

C \ “flcnt’ ‘229c’t’Zeu
significantly ices at 147 and 152 kg N ha, respectively.
This occurred des itc’ a general tre-nd toward reate’r
average annual hiomass ‘r,-”-” biomass N, and
lesser average GIN ratio of biomass in- HN plots in every
rotation fTahie 41, orevious studies have (bond
a oolarlve. corrciat:on 9cr-seen. croe certiz.ano.n and 5011
N 3/iner5lization (l3onde and R.osswall, 198:7: Gill et al,,

05 Kol’rorg t a I 1Qts Gt(c”c haSu noted oo cC/cot

I N—’ i.. / ‘° ‘‘-fl00’ac

al,, 1994). N..regativ. fertilizer—mineralization interaction
1 so—”' ,, n ,c V r,, V

1992; Wienhoici and izfalvorson, 1,999), but less clam—
monly than positive interactions,

Die negative rciatlonsmpof not N mtn.era zatson ar,d
N fertilization suggest that N fertilization may decrease
net N mineralized or ON manafement may increaseS net
N mineralized n these s-oiis, Decreased tier N mineral—
za c’ om .3o Namzao,
increased N im.mobiization, if decreased net mineral’-
Cation in N’-fertilizec. soils was caused by’ decreased
gross N: mineraiizaton, some possible reasons are de
c.reasic d .symbiotic or asymbiotic N fixation, differences
in residue decay ovnnmics, and short—term priming of
soil organic matter mineralization leading to smaller
iong’-terrn pools of asailahie (7 and N:, Alternatively,
past N fertilization could lead to increased N: intmohili——
zation in rna-robiai otomass, resulting in less net N mm—
eratizanon, although gross N mineralization may- have
been unaffected,

(3 C/t—O c”d m odoiznea
tncrc using so-iuhle :nOrgaai.)c N (Wilson. 1.940; Knowles
and Denike, 1974: Streeter, 1981-: Stacey et al,, 1992),
AIrho IN Co far’ o1 .sr2ar)cC 11 no 1’40R s;c
C— — —1 _sr n — —

— escr’ v
would havs been available in sods ufte r- fertilizer applE
cation in EN and 15N than in ON, There-by. LN or FIN
trcatmcnts coo-id asve o.sducc a svrnn:o.tic unylior 55cm—

of all non’grain hioroass o-f all crops in rootinuous corn (CC),
Table 4,Arerage annual storer and/or hay ricEd, C and N content

o— shear CS ,r”— hy’ro.,q, 1fal”a,stflta ,S1 - I “ n— ‘or tar r

FVrt)iOer N Storer or Storer or Slover or We)gftted storerRotation 1907 Crop Ie.rei3 hay masat bay C hay 1.) or hay C/1N

-

--- kg ha -

CC Corn ON 4799 520) 2)04) 1/’, 13 2,7) 151 ,‘3,7)1/5 6434) (520) 2820 (260) 34 (6.5) 82 (9,1)FIN: 7630 (46,) 3359 (ml sa (11) 67 (12)OS S bra” ON 42041140 ‘84)4180 .3 ‘m r nJEN 3959 179 2134) (581 30 (0.9t 78 (6.2)i-IN 3829 (199) 2979 78i 32(5.2) 70 (6,6)CSWA Alfalfa ON 5504) 249 2400 (198) 93 (4,4) 53 (,4:)
EN S’770 (169) 2534) (7(0 102 17.31 44 (14)I-IN 584,0 090) 2571) ‘So; 19090 430.7

value. are means n a) with siandar,( der)aiion in parentheses. based on 1997 data• for all pints.e ii N renhl’rer I N 1ow N ‘-IN high N rreatmenu ON EN mad FIN fertdred for torn mid teal of 0 , and 5,5 Mc ha respeeurdy“I srer am. f rn nO Sea o ,tat her, —‘root I ho ‘oa’ jrr 0th 0 rrrjod,n, n ‘ a a alOha a’- f S ‘-e -‘ flnc, (e rcarowlor .earoo,

7 “4 ,‘,ghtrd 4’ pr”ponron of ,,ia) q.)r-er or Sam production tim earn crop at rotauna,
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hiotic N fixation and the supply of mineralizable N.

fl tic err’ r)t1a4A a,. i”ur’

ot N was applieu at t.he• time or wheat anti nileira in—
terseeding. increased symbiotic N fixation in legumes.
in ON plots cou.id supply more mineralizable N, but: only
in legume rotations, Since. the phenomenon apnearea in

C ma rv an
greater nineranzanie N a all cases. In add;tion. totai
hiomass, Nomass N, and CO ratio of alfalfa and soy
b•e.an did not differ appreciably at diffe.rent N fe.rtilizm
tioo levels (Table 3). Nonsynihiotic N-fixau’on is likely
t1,) be ereater in ow N treaunents, hut is generaip con
3ioe”eJ i ‘a Pr r no” ran 0r flI, \ ti11 e” e

ats- agricultural sorts ç.Lamu et at,, liNT), toe) manor to
explain the differences observed in this study. However,
measurement of nonsymbiotie N f’xation is raze in a.ra
hie soils not fertilized wirh N

Fertilization may base sleereused the long-tent sun-
p hi N o’r u’ tan ‘mran zfte, as

priming effect is still a subject of debate, recent work
has documented changes in microbial activit.y after N
additions. Application of N fertilizer (NH4NO) can
cause a temporary Increase in mleronial ammontfieaiion
acts t a°d cti, a, esnomior sO nO t t n

1 \ am 3to nuuco tic ,ased mrernrz0
tion of vetch fOrth spp.) residues with addition of either
NH4 or NO3. Woods et al. (1987) observed enhanced
mineralization of soil N after addition of NHOO4. An
annual temporary nse tn mineralization nue to fertiliza
tion could Increase the immediate supply of inorganic
N’ hut reduce the remaining supply of minerahzabie
materials in LN and HN plots.

Differences in residue decay dynamics could also pro
dwm increased mrneraiizable organc N in ON treat
ments eomparec: with Osi or I-IN. On average, residues
in ON plots have ‘-‘r ‘ater C/N ratio than resi.Sues in
LN or diN plots (Table 4). This is primarily due to
differences in con residue C/N in CS and wheat residue
C N in SvV s data n t shornl Material3 anth C ‘N
r:atio oer man -Wi: I decay sowiv. and the ieeav rate
is :nversc:e retatee to t ratio v 11111 anti Sossee,
Slower residue decay in unfertilized plots could increase
C and N pools with tim.e. Some of the additional C and
N would be mine.raiizahle. in the. long term,

an _‘ r
rlearrv;ratee in rnie,aahia i trio 045 at the time of leach
rc wi/i aot he es.tras’.tce or measurect iv peai:anie leach

ing methods, Although N immobilization was not mea
sured during this ineubation, the soil samples use.d in this
incubation were found an hav’e a neeative relationship

e” 1 “

dehydronen 2151 enzyme aetivttv, anti :nerunai rnomass
(by substrate-induced respiration) (data not presented).
These findings suggest that N.’ immobiiiza.tion and gross
N tmnera 1 ation nas h tre bee anon reater in unter
erect son’s. t-loweeer avoidance [0 rcsiuues at sampling

anti the removal of ‘aich tiN j’t2isich:nts. trom sods amiales

residues, which have grt attest C/N in tIN treattne.nts, had
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